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of social actors, as laid down in the Commission's own guidelines on the use of expert knowledge (European Commission, 2002) .
The European White Paper on governance (European Commission, 2001b) raises the issue of "democratizing expertise," by making it respond more directly to social demands and preoccupations. The Commission, in fact, expresses the need for more citizen participation in policy making in order to increase public trust. In fact, the citizens' trust in decision-making processes is now regarded as one of the fundamental pillars of technology development (Slovic, 1997; Todt, 2003) . The most recent EU regulatory law-making is already taking account of this. The completely revamped European food safety system, for instance, now based on a new EU food law (European Parliament and Council, 2002) , includes systematic actor involvement in decision making, transparency in operation and wide-reaching public access to information, with the explicit goal of regaining citizens' trust in the food system (see the EC White Paper on Food Safety, European Commission, 1999) .
Despite those policy changes and the importance given to the analysis of the relationship between science and public policy, this topic has been given relatively little explicit attention in studies of public perception. So far, few surveys have posed questions directly related to policy making or precaution. One of the most recent perception studies to include questions on the relationship between science and policy was a 1999 Norwegian survey (Kallerund and Ramberg, 2002) . It included two questions related to public trust in science, two on the precautionary principle, as well as two on the role of scientific knowledge in the elaboration of laws and regulations related to science and technology.
The Spanish study of public perception of science
This article presents the results of a recent study of public perception conducted by the Spanish Foundation for Science and Technology (FECYT) which included a number of questions directly related to science and technology policy making (FECYT, 2005) . About 3,000 individuals were surveyed through personal interviews, in September and October of 2004. The questions related to policy making were selected in order to parallel the ones from the Norwegian survey already mentioned. But while in the case of the latter, the interviewed individuals had to choose between two options (one of two respective alternative statements), the Spanish study was designed to measure the level of agreement independently for each statement (see Tables 1 to 4 ). This is the first time that a perception study in Spain has included questions specifically addressing the topic of policy making.
In the following we will analyze the data on public trust in science, the role of science in policy, as well as the issue of public participation.
Trust in science
The pair of questions related to the topic of trust in science (see Table 1 ) expresses two ideas: (a) scientists can be influenced in their work by economic interests, and (b) scientists are able to counter this influence. Slightly more than half of the individuals questioned (53 percent) consider that the scientists' research can be influenced by those who finance their work (with about 17 percent denying this possibility). In contrast, the answers to the alternative question are more equally distributed: one third considers that scientists defend themselves against being influenced, while one quarter believes they are unable to counter this influence. The percentages of both the neutral ("neither agreement nor disagreement") and the "don't know" answers are higher in this second question than in the case of the first question (Table 1) . In other words, there is a relatively clear perception among the interviewed individuals about this issue: not only does a majority suppose that scientists are likely to be influenced by those who pay for their work but at the same time citizens are rather split about the scientists' capacity to effectively counter such influence.
Relatively more citizens with a high degree of formal education agree with the statement about scientists being influenced by economic interests (58 percent of those with a high school or second level university diploma, and even 65 percent of those with a first level university diploma, compared to the average of 53 percent). However, the level of agreement drops to only 35 percent among those with less than primary education. Among those with a mediumhigh or high socioeconomic status, the agreement with the statement (58 percent) is also above average. In turn, among those with a medium-low or low socioeconomic status the agreement (46 percent) drops to below average. Other groups that show slightly higher than average agreement are the non-religious and those who situate themselves politically on the left. It is important to point out that the relatively higher level of agreement among university graduates and those with a higher socioeconomic status is related to the relatively low percentage of "don't know" answers among these groups. In contrast, we find the highest percentage of "don't know" answers among those with a low or medium-to-low socioeconomic status, as well as among the most religious (practicing Catholics).
This majority opinion about the possibility of scientists and experts being influenced by economic interests contrasts with the consistently high levels of trust in science among the Spanish population . The answers to the question about the role of experts in policy making (see the following section on public participation) confirm this general trust in science. In fact, these results are consistent with the level of trust which the Spanish population places in different professions or types of organizations: the data from the FECYT study confirm previous data (European Commission, 2001c ) that indicate Spaniards (and other Europeans) show higher levels of trust in scientists and medical doctors than in private companies or politicians, with organizations from civil society occupying intermediate positions ( Table 2) .
The data from Tables 1 and 2 indicate that Spaniards, while generally placing trust in scientists, understand the complexity of the context in which scientists do their work and presuppose that economic interests can exert influence on scientific activity. The citizens' perception of scientific institutions and work is not naive, they are conscious of the pressures or conflicts of interests which such work may imply. Source: our elaboration (data: FECYT). All data in percent.
Public participation
The survey included a pair of questions related to the role of experts and non-experts in policy making. Their formulation was rather general, as they did not ask directly for a judgment on citizen participation in decision making (Table 3) . On the one hand, we find 70 percent of the population agreeing with the statement that "decisions on science and technology are best left with the experts" (only a small percentage, 7 percent, rejects this statement). On the other hand, 40 percent show agreement with the alternative statement ("the citizens should assume a more important role in decisions on science and technology"). Even so, almost a quarter (24 percent) rejects this idea. Another notable fact is that the neutral (21 percent) and "don't know" (14 percent) answers are significantly higher when asking for an increased role for the public, while they are lower (13 percent and 9 percent, respectively) when asking about leaving decisions with the experts. In other words: a significant minority of individuals (40 percent) approve of giving the public a larger role, while a large majority (70 percent) would entrust decisions to the experts. And while there is little disagreement or doubt about the experts' role, relatively more people are unsure about (or directly against) increased citizen participation.
Slightly more advocates of increased citizen participation can be found on the political Source: our elaboration (data: FECYT). All data in percent. Source: our elaboration (data: FECYT). All data in percent.
left (about 5 percent above average). On the political right, we find about 10 percent less than average (on the extreme political right, however, we find more than average). The results do not vary according to level of education, except for the high percentage of "don't know" answers in the section of the population without a formal education. Among the nonreligious, we find more in favor of participation (45 percent) than among practicing Catholics (35 percent).
The results with respect to participation bear a direct relation to the results about trust in scientists ( Table 1 ). Given that in Table 3 the issue is decision making in relation to science and technology (and not its socioeconomic or environmental context), and scientists are generally trusted on such issues (while private enterprise, and even less so politicians, tend not to be trusted, as Table 2 shows), the responses to the first statement represented in Table  3 are not surprising. However, when directly asking for the citizens' role in decision making (second statement in Table 3 ), the individuals' opinion is somewhat different, though it does not necessarily contradict the previous result: a significant percentage of citizens (40 percent) demand their views to be considered. In the light of the already cited data, this has to be interpreted as a confirmation of distrust in economic and political actors, and not so much of distrust in actors from the scientific community.
Science and values in policy making
The questions in this section were designed to measure the agreement with either a technocratic point of view on policy making, or a view critical of technocracy (Table 4) . The technocratic approach is based on the idea that all social problems have an (optimal) technical solution (usually expressed as the one best way of doing something) and can be solved in an ideologically neutral fashion. The position criticizing technocracy emphasizes the value component of all policy, ultimately implying the need for citizen participation in decision making.
The questionnaire asked for agreement with two alternative statements: one affirming that scientific knowledge generally constitutes the best basis for drawing up laws and regulations, be they of scientific or non-scientific content (a position close to the technocratic view, even though it does not state that scientific knowledge is the only basis for policy), the other one expressing the idea that values and attitudes are at least as important as knowledge (a position close to a critique of technocracy). The results show that about half of the population (52 percent) considers values and attitudes to be at least as important for law making as scientific knowledge. For slightly more than a third (36 percent), scientific knowledge is the best basis for policy (though not necessarily the only However, in the case of both alternative statements, the percentage of neutral and "don't know" answers is relatively high (between 18 percent and 22 percent each in both questions), if compared to the rest of the questions. The position on the importance of values in policy making tends to be correlated with political ideology. Among those who situate themselves on the political left we find 8 percent more than on average who agree with the anti-technocratic view, while among those on the right, we find 8 percent less. With respect to religious sentiment, among the "nonreligious" individuals, 59 percent agree with the importance of values, while among the practicing Catholics, this percentage is below average (46 percent).
The precautionary principle
Despite a lack of consensus about its definition and interpretation, the precautionary principle has been adopted over the past few years in several international treaties and pieces of legislation (Raffensperger and Tickner, 1999) . The majority of its wordings present this principle as a demand for protective action with respect to the environment and human health, even if there is no conclusive scientific evidence on the relationship between causes and effects. In other words, the existence of doubts about possible harm is no excuse for not regulating.
The precautionary principle has been the object of numerous analyses in recent times. But there is relatively little information about its public acceptance. The already mentioned Norwegian perception study found that more than two-thirds (70 percent) of individuals showed (full or partial) agreement with a statement favoring precaution. Only 8 percent agreed with not applying precaution unless clear scientific proof of harm existed. In the Spanish study, the respective percentages are 73 percent and 41 percent. It is important to note that in the Norwegian study the interviewed individuals had to choose between the two alternative statements while in the Spanish one they were asked to declare their level of agreement with each of the statements, without obliging them to choose. 
The perception of the precautionary principle in Spain
In spite of the higher percentage in Spain against restricting technologies whose potential for harm has not been proven (41 percent, compared to 8 percent in the Norwegian study), there is a clear tendency of favoring precaution (see Table 5 ). And this is even more so if we consider the percentages of disagreement with each of the two statements: only 6 percent of individuals are in disagreement with the "precautionary" statement, while the alternative statement is (completely or partially) rejected by one quarter of individuals. Those figures are even more significant given the relatively low percentages of "don't know" answers (11 percent and 16 percent, respectively). The neutral and "don't know" answers are somewhat less (10-11 percent) in the case of the "precautionary" statement than in the case of its alternative (16-17 percent). These data indicate that even in a culture that tends to show one of the highest levels of trust in science in all of Europe (European Commission, 2001c) , and even if individuals do not have to choose between the statement favoring precaution and its alternative, citizens clearly are inclined towards precaution. Table 6 (which was drawn up by crossing the results from the two statements presented in Table 5 ), 33 percent of individuals show agreement with both statements. In fact, this percentage is higher than the percentage (23 percent) of those who agree with the "precautionary" statement but disagree with its alternative. If we exclude the possibility of individuals not understanding well the questions nor having a clear position (which we can exclude because of the few "don't know" answers), we find that these results may reflect the ongoing policy debate on the precautionary principle's interpretation, just on the level of the individual citizens.
According to
As we have seen, the different interpretations of the precautionary principle are related to different interpretations of (a) the uncertainty with respect to possible negative consequences of applying a technology, and (b) the supposed severity of such consequences. These doubts arise in situations in which there is a (perceived) lack of scientific knowledge about a technology's consequences, which gives rise to the question of which are the elements of a legitimate judgment about possible harm.
From the predominant wordings of the precautionary principle in the literature and in policy making we can deduce three different interpretations: Source: our elaboration (data: FECYT). All data in percent. Source: our elaboration (data: FECYT). All data in percent.
1. A moderate one, defended mostly by scientists and public administration officials, which considers that any judgment about possible harm has to be based on existing scientific knowledge. This is the definition put forward by the European Commission which states that there must be indications of possibly dangerous or unacceptable levels of harm (European Commission, 2000) . In other words, the Commission demands a risk assessment previous to any application of the precautionary principle in policy making. The existing knowledge, despite it being insufficient, has to serve for identifying possible harmful effects. Invoking precaution is only legitimate if there is a scientific basis for suspecting negative consequences. 2. A stringent one, put forward by many environmentalist movements, as well as scientists close to them, which is based on the idea that risk assessment and precaution are two alternative approaches to policy making, whose main difference lies in how to apply scientific evidence to decision making. This position defends the precautionary principle as a principle for selecting technologies (risk assessment as a criterion for selecting). A technology's "inherent possibility for harm" is sufficient basis for action (in terms of reducing, preventing or avoiding the possible negative effects) (Santillo et al., 1999) . 3. An intermediate position which accepts the need for scientific analysis, without restricting it to risk assessment procedures, but also points to the general existence of uncertainties or even ignorance which limit the use of science in decision making (Stirling, 1999) . Von Schomberg (1996) speaks of the criterion of "acceptable uncertainty" which may substitute in such instances for "acceptable risk."
On the basis of these different interpretations of the precautionary principle we can interpret the data from Table 6 in the following way: the 33 percent of the population who agree at the same time with the "precautionary" statement as well as the statement that no restrictions should be imposed on technology unless there is evidence of harm tend to be in agreement with the moderate interpretation of the precautionary principle. The 23 percent who agree with precaution and reject the alternative statement can be considered to agree with the stringent interpretation of the principle. This section of the population would accept the use of elements of judgment different from risk assessment. Tables 7 and 8 show the attitudes of those who are in favor of the precautionary statement towards each of the two statements about policy making (respective importance of science and values for decision making), split into the two subgroups we identified from Table 6 (the "moderate" and the "stringent" supporters of precaution). As we can observe from Table 7 , the two groups of supporters of precaution differ slightly about the importance of science for policy (in fact, within the "moderate" group more individuals tend to agree with the preeminent role of science in law making). However, when it comes to the importance of values and attitudes, both groups show the same levels of agreement and disagreement (Table 8 ). This means that, independent of their specific interpretation of the precautionary principle, its supporters consider values and attitudes as important as science in policy making. As we saw in Table 4 , more than half of the Spanish population agrees with the statement that values and attitudes are equally important as science in policy making, while fewer than 10 percent disagree. And, according to Table 9 (which represents the crossing of the data from the two respective questions about the role of values and precaution), 45 percent of all citizens agree with both precaution and the importance of values. Almost all those who agree with the "precautionary" statement also agree with the relevance of values in policy making (or at least do not disagree). Only 6 percent of the Spanish population supports precaution but at the same time rejects the role of values. In other words, for a large majority of citizens, values and attitudes-alongside science-are a factor of transversal importance in policy making.
Precaution and policy making

The social uniformity of the perception of precaution
The sociodemographic variables do not significantly influence the support for or rejection of the precautionary principle among the Spanish population. Political ideology does not exert Source: our elaboration (data: FECYT). All data in percent. Source: our elaboration (data: FECYT). All data in percent. a notable influence, except among those self-positioned on the extreme left (only 7 percent of the total of individuals): 89 percent of this group supports the precautionary statement, 16 percent above the average support (again, this is mainly due to the lower than average percentage of "don't know" answers).
Religious sentiment shows some influence. While among non-believers (14 percent of the population) and non-practicing Catholics (51 percent of the population) the support for precaution is somewhat higher than average (79 percent and 75 percent, respectively, as compared to the average of 73 percent), it is among practicing Catholics (29 percent of the population) where we find less support (65 percent, 8 percent below average).
The only sociodemographic variable that shows an important difference with relation to precaution is educational background. Table 10 shows that among those with a university degree (first and second level university diploma, roughly equivalent to graduate and postgraduate), agreement with the precautionary principle is above average, while among those with less than primary or no education it is below average. However, this is mainly due to the fact that among the latter group, the "don't know" answers are significantly higher than for the rest of the population. If we were to eliminate the "don't know" answers, there would be no significant differences across the population. Even so, we can observe a tendency of the "don't know" answers diminishing and agreement with the precautionary principle increasing with increasing education level.
Conclusions
The perception study shows that-basically independent of sociodemographical variablesan important part of the Spanish population 1. supports the precautionary principle in the sense that if the consequences of a new technology are not well known, action has to be guided by caution, 2. considers that values and attitudes are as important as scientific knowledge in policy making, 3. considers that scientists can be influenced in their work by economic interests, and 4. agrees to leaving decision making on science and technology with the experts.
The first two points can be summed up in that Spaniards clearly prefer policy to err on the side of precaution. Despite the generally high support for science, the acceptance of science by 40 percent of the population as the best basis for policy, as well as a clear majority for leaving decision making in the hands of experts, the Spanish population shows similar views about precaution as the Norwegian one: almost three-quarters of Spaniards support the "precautionary" statement, while only 6 percent reject it. This position on precaution can be considered to be well established among Spanish citizens. Neither while conducting this survey nor in the preceding months was there any important crisis, industrial accident or any similar event which might have strongly influenced public perception at the moment the study was completed. Nor were there any wide-ranging public debates in Spain, especially in the media, related to science and technology (as there had been at the end of the 1990s, for instance, on the issue of genetically modified foods). Considering precaution a well established value and wideranging social demand in Spain is backed by the fact that in the present study people did not even have to chose among statements favoring or rejecting precaution (like in the Norwegian study).
Among those who agree with the precautionary principle (almost three-quarters of the Spanish population), somewhat less than half (one third of the total population) would defend a moderate interpretation, in the sense that in order to impose restrictions on new technologies some scientific evidence of their potential for causing harm would be necessary. A third of those who support precaution (about one quarter of the total population) would agree with a more stringent (radical) definition, given that they consider that scientific evidence of harm is not needed for initiating precautionary measures.
From the literature, three different interpretations of the precautionary principle could be extracted. However, the way the present study was designed, it can only offer results with respect to the dichotomy between the moderate and stringent interpretations, which are the ones most relevant in public debate and political discourse. In addition, the difference between these two groups, especially when it comes to their assessing the role of values and science for policy, is relatively small. The intermediate interpretation is mostly present in academic and policy-making analysis (and approaches). In order to obtain a better characterization of the public perception of the precautionary principle, more detailed studies, among them qualitative ones, would have to be conducted.
The results from this study have consequences for policy making. On the one hand, they show that positions like the one defended by the European Commission can find substantial support among the Spanish population. However, the percentage of those who agree with the more stringent interpretation is sufficiently large (23 percent of citizens) as to make impossible a wide-reaching consensus based solely on the European Commission's position. Another point to take into account is that while only 6 percent reject precaution, more than one quarter of the population rejects the position contrary to precaution. Further, most of the citizens in favor of precaution also consider that in decision making values are as important as scientific knowledge, independently of their concrete interpretation (moderate or stringent) of the precautionary principle.
Citizens in Spain generally hold a positive view of science and its role in policy making (which contrasts with relatively lower levels of trust when it comes to private companies or politicians). But more than half consider that scientific expert knowledge cannot be the exclusive base for policy making (only slightly more than one third do), and must be complemented by values and attitudes.
In other words, any policy approach to science and technology which does not take account of precaution (at least in the sense of the moderate interpretation) is likely to fail. Furthermore, a policy process based exclusively on scientific knowledge and experts will tend to encounter resistance: other, different criteria and sources of information have to become integral parts of any such decision-making process in order to generate widespread social acceptance.
And even then, a part of the population may reject such moderately precautionary policy. In fact, the social conflict in relation to agricultural biotechnology in Spain in recent years Todt, 2004) proves this: the ambivalences with regard to precaution shown by the regulators over a time span of almost 15 years go a long way to explaining public resistance to the technology. For future technology development and regulation, policy has to respond clearly and unambiguously to social demands for precaution.
The recent changes in European policy (see Introduction) can be interpreted as a direct response to public perception regarding precaution and policy making. In fact, the results presented here show that those policy innovations have already been socially integrated by the citizens because they are in accord with their demands and values. Up to a point, these policy changes could even be considered too little to satisfy that quarter of the Spanish population that tends to agree with the stringent point of view on precaution. Current and future European policy initiatives will have to respond to such public demands in order to find acceptance and create trust.
